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Description 

Field of the Invention: 

The present invention generally relates to the field 
of centrifuges and, more particularly, to controlling the 
temperature of a centrifuge and materials contained 
therein during operation. 

Background of the Invention: 

In centrifuging apparatus, constituents/components 
of a given material (e.g.. liquid solutions/mixtures) can 
be separated based upon the variation of their respec- 
tive densities and the centrifugal forces to which such 
constituents/components are subjected. Generally, the 
material is positioned within a centrifuge bowl which is 
rotated at a speed such that the various constituents will 
effectively assume a radial position within the bowl 
based upon their respective densities (i.e., constituents 
having higher densities will be closer to the rim of the 
centrifuge bowl than those having lower densities). 

During rotation of the centrifuge bowl, which is 
often at relatively high angular velocities in order to gen- 
erate the magnitude of centrifugal forces needed for 
separation, the temperature of the bowl and the materi- 
als contained therein may undesirably change. For 
instance, certain materials and/or constituents may 
experience undesired degradation at ambient tempera- 
ture. Moreover, certain temperatures may have an 
undesirable/adverse effect on certain reactions/proc- 
esses which take place during centrifuging, or may 
actually cause an undesirable reaction amongst certain 
of the constituents. In addition, certain temperatures 
may impede the separation of certain constituents from 
the remainder of the material by centrifuging. 

Based upon the foregoing, a number of alternatives 
have been explored for establishing and/or maintaining 
a temperature of a centrifuge and thus the material 
within the centrifuge bowl. For instance, it is known to 
enclose the entire centrifuge within a temperature-con- 
trolled housing. More particularly, the air within the 
housing is maintained at the desired temperature so as 
to maintain the centrifuged material at such tempera- 
ture by convection. In these types of configurations, 
given the heat transfer inefficiencies of convection utiliz- 
ing air as the heat transfer medium, it is important to 
maintain an air-tight seal for the housing in order to 
maintain temperature control. Consequently, any open- 
ing of the housing to remove and/or add materials to the 
centrifuge will thus affect the housing temperature, and 
upon any subsequent closing of the housing a certain 
period of time will be required before the desired 
steady-state temperature is once again reached. 

in contrast to attempting to maintain the tempera- 
ture of the entire centrifuge by utilizing the above- 
described types of temperature-controlled housings, 
other apparatus have attempted to directly cool or heat 



only the periphery of the centrifuge bowl. For instance, 
U.S. Patent No. 4,113,172 describes a centrifuge hav- 
ing a drum casing whose peripheral wall is made up of 
an upper outer portion sloping down and outwardly to 
5 meet a lower outer portion sloping up and outwardly. 
Helical passageways on the outside of these portions 
allow circulation of a coolant to cool the contents of the 
drum. U.S. Patent No. 3,981,437 to Hemfort et al., 
issued September 21, 1976. discloses positioning an 
io insert having a plurality of circumferentially spaced ribs 
against the outer wall or drum of the centrifuge. The ribs 
form a plurality of passageways between the insert and 
the drum such that coolant may be injected in and flow 
through the passageways. The coolant flows through 
is the passageways and is discharged through a plurality 
of radial ports in the drum for engagement with a sta- 
tionary casing which is spaced from the rotating drum 
and which incorporates a cooling jacket to reduce the 
temperature of the coolant prior to its recirculation to the 
20 periphery of the drum. 

Temperature control systems have also been incor- 
porated on other types of rotating apparatus. For 
instance, certain analyzers are available in which a plu- 
rality of cuvettes are positioned on an outer portion of a 
25 rotor. These cuvettes typically have a relatively small 
volume for receiving at least two different constituents 
which are initially maintained in separate but intercon- 
nected cavities in the rotor. As a result of the centrifugal 
forces created by rotation of the rotor at a certain speed. 
30 the constituents from the separate cavities enter a radi- 
ally aligned cuvette. The reaction of the two constituents 
in each cuvette is then monitored and/or analyzed. 
Since the reaction of the constituents is often tempera- 
ture-sensitive, heating devices are often employed so 
35 as to maintain the peripherally-positioned cuvettes and 
their constituents at a certain temperature. 

Various temperature control alternatives have been 
explored for cuvette rotors which are generally of the 
above-described type. For instance, hot air has been 
40 used to control either the temperature of an entire hous- 
ing in which the cuvette rotor is positioned, or at least 
the space between the periphery of the rotor, which 
again contains the cuvettes, and the rotor housing. U.S. 
Patent Nos. 3.916,152 to Hinman, issued October 28, 
45 1975, and 4,135,883 to McNeil et al., issued January 
23, 1979, are generally representative of these efforts. 
Other apparatus have incorporated heating elements 
directly on the periphery of the rotor substantially adja- 
cent to the cuvettes to provide for a conductive heat 
so transfer as representatively disclosed in U.S. Patent 
Nos. 3,856,470 to Cullis et al., issued December 24. 
1974 and 4,256,696 to Soodak, issued March 17. 1981. 

Notwithstanding the foregoing, there remains a 
need for a temperature control system which may be 
55 readily adapted for use with centrifuges of a variety of 
configurations, and which effectively regulates the tem- 
perature of substantially the entire centrifuge bowl and 
materials contained therein without significantly impact - 
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ing the structure of an existing centrifuge and/or without 
requiring extensive modifications/additions to the centri- 
fuge and its surroundings. 

According to the present invention, there is pro- 
vided a centrifuge comprising: 



containment means for containing a material, the 
containment means having a base portion extend- 
ing outwardly from a longitudinal axis (A), 
a substantially flexible membrane separating said 
containment means into first and second cham- 
bers, the material being positioned, in use, within 
said first chamber. 

drive means for rotating the containment means 
about said longitudinal axis (A); and 
means for varying the volume of said first chamber 
by providing a volume variation fluid to said second 
chamber to cause the removal of at least a part of 
the material from said first chamber of said contain- 
ment means; 

characterised by further comprising 
heat exchanger means for maintaining and control- 
ling the temperature across the base portion of the 
containment means, the heat exchanger means 
being interconnected with the base portion and 
rotatable therewith; and 

further heat exchanger means for controlling the 
temperature of said volume variation fluid. 

The present invention provides a temperature con- 
trolled variable volume centrifuge for regulating the tem- 
perature across the base portion of the centrifuge bowl, 
and thus substantially the entire spectrum of materials 
contained within the centrifuge. In one aspect of the 
present invention, the heat exchanger is attached to the 
base and thus rotates with the centrifuge bowl. Prefera- 
bly, the heat exchanger has a profile which substantially 
matches that of the base portion, and is thus effectively 
coextensive therewith to enhance the heat transfer from 
the base to the heat exchanger. Consequently, a heat 
transfer medium having a desirable convective heat 
transfer coefficient may be circulated through the heat 
exchanger to change the temperature of the base. As 
can be appreciated, a heat exchanger of this type may 
be readily adapted for use with a variety of configura- 
tions of centrifuges and only requires limited structural 
modification of the centrifuge to accommodate the 
attachment of the heat exchanger to the centrifuge 
bowl. 

In another aspect of the present invention, a heat 
exchanger of the above-described type comprises at 
least two separate channels for receiving and directing 
the heat transfer medium. In order to enhance the heat 
transfer efficiency, an upper surface of these channels 
may actually be defined by a surface of the base portion 
such that the heat transfer medium is directly applied 
thereto. These channels may also be substantially 
annular and concentrically positioned about the rota- 



tional axis of the centrifuge bowl, but at different radial 
distances therefrom. This configuration provides a 
number of advantages, including maintaining the rota- 
tional balance of the centrifuge and providing for an 
5 effective distribution of the heat transfer medium. Fur- 
ther in this regard, a common, radially extending feed 
line may provide the heat transfer medium to each of the 
channels. As a result, flow regulators may be incorpo- 
rated to control the volume of heat transfer medium into 
10 the individual channels where necessary to further 
accommodate for the effective distribution of the heat 
transfer medium. 

In another aspect of the present invention, a heat 
exchanger is attached to the base and a heat transfer 
is medium is circulated therethrough. Preferably, a surface 
of the heat exchanger is substantially coextensive with 
the base and a heat transfer medium having a desirable 
convective heat transfer coefficient is utilized to 
enhance the overall heat transfer characteristics. With 
so further regard to the heat transfer medium, it is intro- 
duced to and removed from the rotating heat exchanger 
through conduits which are substantially concentrically 
positioned about the rotational axis of the centrifuge 
bowl. As can be appreciated, this configuration reduces 
25 the amount of space required in direct proximity to the 
centrifuge and does not have any significant effect on 
the access to the centrifuge during operations. In fact, 
this particular coaxial configuration about the rotational 
axis of the centrifuge bowl may be readily incorporated 
30 into the drive assembly commonly used to rotate the 
centrifuge. 

One embodiment which incorporates all aspects of 
the present invention generally includes a centrifuge 
bowl having a base which extends radially outward from 
35 the rotational axis of the bowl to an outer wall or rim. A 
heat exchange plate is attached to the bottom, exterior 
portion of the base and is substantially coextensive 
therewith to enhance the heat transfer from the base 
and to reduce the space required for adapting the 
40 present invention to an existing centrifuge. The heat 
exchange plate includes a plurality of substantially 
annular channels which are substantially concentrically 
positioned about the rotational axis of the centrifuge 
bowl, but at different radial distances therefrom. Conse- 
45 quently, the rotational balance of the centrifuge is sub- 
stantially maintained, even while a heat transfer 
medium is being circulated therethrough. In order to 
enhance heat transfer efficiency, an upper surface of 
these channels may actually be defined by the bottom of 
so the base, although the channels may of course be a 
closed system within the heat exchange plate (i.e., in 
the closed system the heat transfer medium is com- 
pletely retained within the heat exchange plate and 
does not directly engage the base). 
55 The identified plurality of channels accommodate 
for an effective distribution of an appropriate heat trans- 
fer medium (e.g.. one having a desirable convective 
heat transfer coefficient) throughout the heat exchange 
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plate. In order to further enhance this distribution, a 
common, radially extending feed line may provide the 
heat transfer medium to each of the channels. As a 
result, appropriate flow regulators or orifices may then 
be incorporated to control the flow of heat transfer 
medium into the respective channels in a desired man- 
ner. Therefore, the heat transfer medium may flow 
through each of the channels at a desired rate and then 
enter into a common, preferably radially extending, 
dump line for removal of the heat transfer medium from 
the heat exchange plate for cooling or heating, and 
recirculation. 

In order to provide the heat transfer medium to and 
remove the heat transfer medium from the heat 
exchange plate in the described manner, this embodi- 
ment of the present invention utilizes two coaxial con- 
duits which engage the central portion of the heat 
exchange plate substantially about the rotational axis of 
the centrifuge bowl. These coaxial conduits thereby fur- 
ther allow for the maintenance of the rotational balance 
of the centrifuge and for the present invention to be 
readily incorporated into the drive assembly for the cen- 
trifuge, thereby not significantly affecting the space 
requirements of the centrifuge. The heat transfer 
medium is thus pumped through one of the conduits, 
preferably the innermost, under pressure and is pro- 
vided to each of the channels through the common feed 
line. Based upon the channel configurations and/or the 
flow regulators utilized therewith, the desired flow of 
heat transfer medium through each of the channels is 
thereby achieved. The heat transfer medium from the 
plurality of channels thus flows into the common dump 
line which directs the heat transfer medium back toward 
the center of the heat exchange plate where it exits 
therefrom through the other of the conduits, preferably 
the outermost, for appropriate cooling or heating, and 
recirculation to the heat exchange plate. 



Brief Description of tho Drawing s- 

Fig. 1 is a schematic, cross-sectional view of a var- 
iable volume centrifuge; 

Fig. 2 is an exploded, perspective view of one 
embodiment of the temperature controlled centri- 
fuge of the present invention; 
Fig. 3 is a top view of a heat exchange plate; 
Fig. 4 is a cross-sectional view of the heat 
exchange plate of Fig. 3 taken along line 4-4; and 
Fig. 5 is a partial longitudinal cross-sectional view 
of the temperature controlled centrifuge of Fig. 2. 

Detailed De^r»ptj^ n - 

The present invention will be described with refer- 
ence to the attached drawings which assist in illustrating 
the pertinent features thereof. Generally, the present 
invention is a temperature controlled centrifuge in which 
the temperature of the base portion of the centrifuge 



bowl, and thus the materials which contact, directly or 
indirectly, the base portion is controlled by a heat 
exchanger which is attached to the bottom, exterior por- 
tion of the base and thus rotates therewith. Although the 
5 rotatable heat exchanger may be incorporated upon a 
variety of types and configurations of centrifuges, the 
present invention relates to a variable volume centri- 
fuge, the operating principles of which are generally 
referred to herein. U.S. Patent No. 3,737.096 to Jones et 
w al. t describes one type of a variable volume centrifuge 
in more detail. 

The general operational principles of a variable vol- 
ume centrifuge are illustrated in Fig. 1. The centrifuge 
10 includes a centrifuge bowl 14 which is effectively an 
is upwardly opening container having a base 1 8 and a rim 
22. The centrifuge bowl 14 receives both the particular 
material to be centrifuged, including any additives intro- 
duced therein, and the fluid 54 which varies the volume 
of the centrifuge bowl 14. In this regard, the centrifuge 
20 bowl 1 4 is separated into upper and lower chambers 34, 
38 by a substantially flexible membrane 30 which is 
appropriately attached to the base 18 at both its outer 
and inner, central portions. 

The lower chamber 38 of the centrifuge bowl 14 is 
25 f luidly connected via the interior of a rotatable centrifuge 
shaft 58 to an appropriate fluid source, such as a 
hydraulic fluid reservoir 42, pump 46, and valve 50. 
Consequently, fluid 54 may be introduced into and 
removed from the lower chamber 38 to raise and lower 
30 the membrane 30, and thus vary the volume of the 
upper chamber 34 of the bowl 14. The upper chamber 
34 of the centrifuge bowl 14 typically receives a sub- 
stantially flexible container (not shown) for containing 
the material to be centrifuged. In order to allow for the 
35 introduction into and/or removal of various substances 
(e.g., additives) from the flexible container during centri- 
fuging, the flexible container is interconnected with an 
adapter 66 which extends above a cover 26 of the cen- 
trifuge bowl 14, the cover being appropriately attached 
40 to the rim 22. The adapter 66 is thus connectable to var- 
ious fluid sources 70 or collectors 74 which are isolata- 
ble from the upper chamber 34 by valves 78. 

In preparation for centrifuging, the flexible container 
is positioned and secured in the centrifuge bowl 14 in a 
45 known manner and the cover 26 is positioned over and 
secured to the centrifuge bowl 14. The material to be 
centrifuged is provided to the flexible container after 
being positioned in the centrifuge bowl 1 4 since the flex- 
ible container is interconnected with the adapter 66, 
so which again extends above the cover 26 for intercon- 
nection with one or more fluid sources 70 and/or collec- 
tors 74. When the material is in the flexible container, 
the centrifuge 10 is rotated by an appropriate source 
(not shown) which directs the heavier density constitu- 
55 ents of the material toward the rim 22 of the centrifuge 
bowl 14, while those lighter density constituents remain 
closer to the central portion of the base 1 8. At an appro- 
priate time during centrifuging, fluid may be introduced 
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into the lower chamber 38 through the centrifuge shaft 
58 to, for instance, remove the lighter density constitu- 
ents of the material from the centrifuge bowl 14. More 
particularly, the valve 50 being closed, the pump 46 may 
be activated such that hydraulic fluid 54 is provided to 5 
the lower chamber 38 to raise the flexible membrane 30 
and thereby force the lighter density constituents out of 
the centrifuge bowl 14 through the adapter 66. As can 
be appreciated, the hydraulic fluid will also be forced 
outwardly by centrifugal force when in the lower cham- w 
ber 38. After the desired constituents have been 
removed from the centrifuge bowl 14, either other mate- 
rials and/or other additives may have been processed or 
not. In the first case, these materials may be provided 
by means of an external pump (not shown) to the centri- 15 
fuge bowl 14, the centrifuge going on spinning. The 
valve 50 being opened, the materials provided to the 
bowl 14 force, through the membrane 30, the hydraulic 
fluid from the lower chamber 38 to the reservoir 42. In 
the other case, the centrifuge is stopped and, the valve so 
50 being opened, the hydraulic fluid 54 flows from the 
lower chamber 38 to the reservoir 42, and the mem- 
brane 30 lowers by gravity. 

One embodiment of temperature controlled centri- 
fuge which incorporates all aspects of the present 25 
invention is illustrated in Fig 2. This centrifuge is a vari- 
able volume configuration similar to the centrifuge 10 
discussed above and may be attached to an appropriate 
support (not shown) by a mounting 86. Consequently, 
the centrifuge includes a centrifuge bowl 90, a drive 30 
assembly 130 for rotating the centrifuge bowl 90. a vol- 
ume variation assembly (not shown) for changing the 
volume of the centrifuge bowl 90, and a seal assembly 
150 to account for the drive assembly 130 and volume 
variation assembly sharing certain components, namely as 
the shaft assembly 194. However, in order to provide for 
the desired temperature control function of certain por- 
tions of the centrifuge bowl 90, the centrifuge also 
includes a temperature control assembly 170. 

The centrifuge bowl 90 includes a base 94 and a 40 
centrifuge rim 98 which effectively define an upwardly 
opening container for the materials to be centrifuged 
The volume of the centrifuge bowl 90 is variable and 
thus the bowl 90 incorporates a substantially flexible 
diaphragm 102. An inner mounting ring 106 of the dia- as 
phragm 102 is appropriately secured to a raised mount- 
ing surface 114 in the central portion of the base 94, 
while an outer mounting ring 1 10 of the diaphragm 102 
is appropriately secured to the outer portion of the base 
94. The interior portion of the base 94 and the flexible so 
diaphragm 102 thus define a lower chamber for receiv- 
ing fluid through ports or slots 1 18 on the side portion of 
the mounting surface 1 1 4 to vary the volume of the cen- 
trifuge bowl 90 in the above-described manner. The dia- 
phragm 102 and a cover (not shown), which may be ss 
attached to the rim 98 as in the case of the centrifuge 1 0 
discussed above, define an upper chamber of the cen- 
trifuge bowl 90 for receiving the material, which is again 



typically contained within a substantially flexible con- 
tainer (not shown). 

The centrifuge bowl 90 is appropriately intercon- 
nected with the drive assembly 130 such that the bowl 
90 may be rotated to apply the necessary centrifugal 
force to the materials positioned in the upper chamber 
of the bowl 90. In this regard, the drive assembly 130 
generally includes a shaft assembly 194, which is 
attached to the bottom of the base 94 about a rotational 
axis A of the bowl 90, and a pulley 138 which intercon- 
nects the shaft assembly 194 with a motor (not shown) 
to impart rotational motion to the shaft assembly 194. A 
seal assembly 150 is also interconnected with the rotat- 
ing shaft assembly 194 such that hydraulic fluid may be 
provided to and removed from the lower chamber of the 
centrifuge bowl 90 by the volume variation assembly 
through the shaft assembly 194, to vary the volume of 
the upper chamber of the bowl 90 in the manner dis- 
cussed above with regard to centrifuge 10 (i.e.. the seal 
assembly 150 accommodates for rotation of the shaft 
assembly 194 or at least portions thereof such that the 
shaft assembly 194 can provide its rotational driving 
function and its fluid provision function). Based upon the 
foregoing, it can be appreciated that the centrifuge rep- 
resented in Fig. 2 performs the centrifuging function 
similarly to the centrifuge 10 discussed above. 

During rotation of the centrifuge bowl 90. there is a 
tendency for the temperature of both the materials 
within the bowl 90 (e.g., materials in the upper charter 
and any fluid in the lower chamber for varying the vol- 
ume of the upper chamber) and the bowl 90 itself if 
such temperature is different from the ambient one/to 
move towards the ambient temperature. This change in 
temperature may have an undesirable or even adverse 
effect on the material being centrifuged and/or certain 
constituents thereof and including any additives, on cer- 
tain reactions/processes which take place during centri- 
fuging, and/or on the centrifuging process itself. A 
general principle of centrifuging is that constitu- 
ents/components of a given material/mixture can be 
separated based upon the variation of their respective 
densities and the centrifugal forces to which such con- 
stituents/components are exposed. In some cases, the 
desired constituent/component which is to be separated 
may have a density which would result in the constituent 
being positioned inwardly of the rim 98 during centrifug- 
ing. Consequently, the above-identified potential con- 
cerns with regard to the change in temperature could 
apply throughout substantially the entire spectrum of 
the material, and thus across substantially the entire 
base 94 (e.g., a desired constituent positioned inwardly 
of the rim 98 to be separated and removed from the 
upper chamber of the bowl 90 may be subjected to the 
effects of the above-described change in temperature). 

The temperature control assembly 170 interacts 
with the base 94 of the centrifuge bowl 90 to substan- 
tially maintain and/or control the temperature across the 
base 94, and thus substantially the entire spectrum of 
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materials within the centrifuge bowl 90 interacting there- 
with. In one embodiment, the temperature control 
assembly 170 includes a heat exchange plate 174. a 
portion of the shaft assembly 194, and a temperature- 
controlling recircutator assembly 190 as illustrated in 5 
Figs. 3-5. Generally, the heat exchange plate 174 is 
attached to the base 94 and thus rotates with the centri- 
fuge bowl 90 during centrrfuging. The heat exchange 
plate 1 74 receives an appropriate heat transfer medium 
from the temperature-controlling recirculator assembly 10 
1 90 via a portion of the shaft assembly 1 94 to remove or 
add heat from the base 94 and thus the spectrum of 
materials interacting, directly or indirectly, therewith. 
The heat transfer medium within the heat exchange 
plate 1 74 may then be recirculated via the shaft assem- 1S 
bly 194 to the temperature-controlling recirculator 
assembly 190 for cooling or heating and subsequent 
use in the heat exchange plate 1 74. As can be appreci- 
ated, the temperature of any fluid from the volume vari- 
ation assembly in the lower chamber of the bowl 90 will 20 
also have a tendency to move towards the ambient tem- 
perature during centrrfuging, if different initially. There- 
fore, an appropriate cooler/heater (not shown) is 
incorporated to control the temperature of this fluid. 

The heat exchange plate 174 is appropriately 2s 
attached to the bottom, exterior portion of the base 94 
as best illustrated in Fig. 5. In one embodiment the heat 
exchange plate 1 74 substantially approximates the con- 
tour of the base 94 and has a surface which is substan- 
tially coextensive therewith. Consequently, heat is 30 
effectively transferred by conduction through the base 
94 and to the surface of the heat exchange plate 174 
coextensive therewith. The heat is then removed/added 
from/to the heat exchange plate 174 by convective heat 
transfer, namely by the circulation of heat transfer 35 
medium through the heat exchange plate 174 as will be 
discussed in more detail below. Although a variety of 
factors may of course impact the materials selected for 
the base 94 and the heat exchange plate 1 74, one such 
factor is thermal conductivity. Consequently, in one 40 
embodiment the base 94 and the heat exchange plate 
1 74 are aluminum based upon its relatively high thermal 
conductivity coefficient. 

The heat exchange plate 1 74 may comprise only a 
single cavity which interfaces with the entire base 94. 45 
However, depending upon the respective position of the 
inlet and the outlet of the heat transfer medium on the 
heat exchange plate 174, this could result in a lack of 
circulation of the heat transfer medium along the entire 
surface of the base 94. a preferential path being created so 
between such inlet and outlet and stagnation areas 
being formed for the heat transfer medium. Moreover, 
under certain circumstances the heat transfer require- 
ments may vary across the base 94 depending upon, for 
instance, the mass of the base 94 in a given region ss 
and/or the material within the centrifuge bowl 90 in a 
particular region. Consequently, in order to provide for 
an effective distribution of the heat transfer medium 



throughout the heat exchange plate 174. one embodi- 
ment of the present invention includes a plurality of radi- 
ally separated, discrete, and substantially annular 
channels 178a-e within the heat exchange plate 174, 
which are thus positioned radially across the base 94 as 
illustrated in Figs. 3-5. 

The channels 1 78a-e may be substantially concen- 
trically positioned about the central axis of the heat 
exchange plate 174, coinciding with rotational axis A of 
the bowl 90. and the channels 1 78a-e may extend about 
a substantial circumferential portion of the heat 
exchange plate 174 (i.e., being substantially annular). 
These channels 178a-e each receive a quantity of heat 
transfer medium from the temperature-controlling recir- 
culator assembly 190 such that the heat transfer 
medium may be circulated through each such channel 
178a-e during rotation of the centrifuge. The heat 
exchange plate 174 thus allows heat to be 
removed/added from/to the base 94 at different radial 
positions from the rotational axis A. In order to enhance 
the overall heat transfer from the base 94 to the heat 
exchange plate 174, the upper surface of the channels 
1 78a- e is defined by the bottom portion of the base 94, 
which allows for the direct application of a heat transfer 
medium to the base 94. However, it can be appreciated 
that the upper surface of the channels 1 78a-e may alter- 
natively be incorporated into the heat exchange plate 
1 74 itself to provide a closed system (i.e.. no direct con- 
tact of the heat transfer medium with the base 94). 

Although five channels 178a-e are illustrated in the 
embodiment of the heat exchange plate 174 of Figs. 3- 
5, the present invention contemplates using one or 
more channels for the rotating heat exchanger for 
accommodating recirculation of the heat transfer 
medium and preferably more than two. The actual 
number of channels will depend upon a variety of fac- 
tors, such as the size of a particular centrifuge bowl 90 
and/or the heat transfer requirements in a certain area. 
Moreover, although substantially annular channels 
1 78a-e and their concentric positioning about the rota- 
tional axis A of the bowl 90 provides a rotational balance 
for the centrifuge, other configurations/orientations for 
the channels 1 78a-e may under certain circumstances 
be appropriate. 

The actual volumetric capacity of the channels 
178a-e will depend upon a number of factors. Such fac- 
tors may include the heat transfer requirements consid- 
ering for instance the mass of the base 94 coinciding 
therewith and the amount of materials within the centri- 
fuge bowl 90 at a particular radial position, as well as of 
course the configuration of the heat exchange plate 1 74 
which is again preferably adapted to the contour of the 
base 94. However, in one embodiment, channel 178a 
has a width of 0.875 inch and a depth of 0.030 inch, 
channel 1 78b has a width of 0.250 inch and a depth of 
0.050 inch, channel 178c has a width of 0.625 inch and 
a depth of 0.050 inch, channel 178d has a width of 
0.875 inch and a depth of 0.060 inch, and channel 1 78e 
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has a width of 0.750 inch and a depth of 0.080 inch. As 
used herein, the term "width" refers to a distance across 
the channels 178a-e measured along a radius extend- 
ing from the center of the heat exchange plate 1 74. 

As noted above, the utilization of a plurality of chan- 
nels 1 78a-e allows at least in part for an effective distri- 
bution of the heat transfer medium throughout the heat 
exchange plate 174. In order to further enhance this dis- 
tribution of the heat transfer medium, the heat transfer 
medium is supplied by the temperature-controlling recir- 
culator assembly 190 to the heat exchange plate 174, 
via a portion of the shaft assembly 194, through a com- 
mon inlet 182 in the heat exchange plate 1 74 which pro- 
vides the heat transfer medium to each of the channels 
1 78a-e. The heat transfer medium is thus also removed 
from the channels 1 78a-e from a common outlet 186 on 
the heat exchange plate 174. The inlet and outlet 182, 
186 each extend radially outward from the central axis 
of the heat exchange plate 1 74 for interconnection with 
appropriate portions of the shaft assembly 194, which 
again engages the central portion of the heat exchange 
plate 174. Consequently, heat transfer medium flows 
through the inlet 182 away from the central axis of the 
heat exchange plate 1 74, while heat transfer medium in 
the outlet 186 flows back toward the central axis. 
Although the sizing of the inlet and outlet 182, 186 may 
vary, in the above-described embodiment in which the 
channels 178a-e have the specified dimensions, the 
inlet 182 and outlet 186 each have a width of 0.250 inch 
and a depth of 0.080 inch. 

The geometry and the rotation of the centrifuge 
bowl 90 introduces certain requirements for providing 
the necessary volume of heat transfer medium through 
each of the channels 178a-e. It may be necessary to 
make accommodations to ensure that the required flow 
rate of heat transfer medium is provided to each chan- 
nel 178a-e (i.e., baffling may be required). This may be 
done by varying the cross-sectional area of the chan- 
nels 178a-e and/or by varying the area at their respec- 
tive inlets. In the embodiment where the channels 1 78a- 
e have the above-described dimensions, channel 1 78a 
thus incorporates a first orifice 1 80a having a width of 
0.060 inch, and channels 178c. 178d incorporate ori- 
fices 180c. 180d, respectively, each having a width of 
0.094 inch. This also desirably allows for regulation of 
the flow rate through the channels 178a-e, and thereby 
provides for a further regulation of the distribution of the 
heat transfer medium throughout the heat exchange 
plate 174. 

The heat transfer medium is provided to the heat 
exchange plate 174 by a portion of the shaft assembly 
194 as illustrated in Fig. 5. In order to minimize the 
structural changes required to adapt the temperature 
control assembly 170 to the centrifuge of the above- 
described type, the shaft assembly 194 incorporates 
features to allow the heat transfer medium to be pro- 
vided to and removed from the heat exchange plate 
174, as well as to allow fluid to be provided to and 



removed from the lower chamber of the centrifuge bowl 
90 to vary the volume of the upper chamber by raising 
and lowering the diaphragm 102 in the above-described 
manner. The shaft assembly 194 thus generally 

5 includes inner, intermediate, and outer conduits 198, 
202, 206 such that there are three separate passage- 
ways available for receiving a given flow. In one embod- 
iment, hydraulic fluid is provided to the lower chamber of 
the centrifuge bowl 90 through the inner conduit 198. 

w Moreover, the heat transfer medium is provided to the 
heat exchange plate 174 in the passageway formed 
between the inner and intermediate conduits 198, 202, 
which thereby appropriately interconnects with the inlet 
182. Furthermore, the heat transfer medium is removed 

is from the heat exchange plate 174 from the outlet 186 
between the intermediate and outer conduits 202, 206, 
which is thereby appropriately interconnected with the 
outlet 186. This configuration is desirable in that the 
pressure of the heat transfer medium being provided to 

20 the heat exchange plate 1 74, which in one embodiment 
is maintained at approximately 45 psi, is positioned 
closer to the rotational axis A of the centrifuge bowl 90 
than the heat transfer medium exiting the heat 
exchange plate 174, which in one embodiment is at 

2s approximately 2 psi. This assists in increasing the (He of 
the rotating seals (not shown in Fig. 5) in the seal 
assembly 150. Moreover, the coaxial nature of the shaft 
assembly 194 in general also facilitates the use of the 
common inlet and outlet 182, 186 for the channels 

30 1 78a-e, which again allows for the use of flow regulators 
to further enhance distribution of the heat transfer 
medium throughout the heat exchange plate 1 74. 

The temperature-controlling recirculator assembly 
190 provides the heat transfer medium to and receives 

35 the heat transfer medium from the heat exchange plate 
174 via the shaft assembly 194 and seal assembly 150 
as illustrated in Fig. 5. The temperature-controlling 
recirculator assembly 190 may thus include appropriate 
pumps (not shown) and a heat exchanger configuration 

40 (not shown) for removing/adding heat from/to the heat 
transfer medium after passing through the heat 
exchange plate 1 74. Although a number of heat transfer 
mediums may be appropriate (e.g., mediums having a 
high convective heat transfer coefficient), in one embod- 

45 iment the heat transfer medium is a 50/50 mixture of 
ethylene glycol and water. Advantageously, this mixture 
may also be used by the volume variation assembly 
such that any mixture of fluids from the temperature 
control assembly 1 70 and the volume variation assem- 

so bly will not adversely affect performance of either 
assembly. As previously noted, the static seal assembly 
150 provides for the appropriate fluid paths to and from 
the temperature controlling recirculator assembly 190 
and the volume variation assembly to the rotating shaft 

55 assembly 194. In this regard, the seal assembly 150 
may include first, second, third, and fourth seal hous- 
ings 154, 158. 162. 166 as illustrated in Figs. 2 and 5. 
The heat transfer medium may thus be provided to the 
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shaft assembly 1 94 in the area between the second and 
third seal housings 158, 162 and the heat transfer 
medium may be removed from the shaft assembly 194 
between the first and second housings 154, 158. 

Although the temperature controlled centrifuge of s 
the present invention has been described with regard to 
a variable volume configuration, those skilled in the art 
will appreciate that the temperature control assembly 
1 70 may be incorporated on a variety of types of centri- 
fuges and/or other rotating apparatus. Consequently, 10 
the present invention encompasses the positioning of a 
heat exchanger on a rotating apparatus in which it is or 
could be desirable to maintain and/or regulate the tem- 
perature across the base portion of the rotating appara- 
tus 16 

The foregoing description of the invention has been 
presented for purposes of illustration and description. 
Further, the description is not intended to limit the inven- 
tion to the form disclosed herein. The embodiments 
described hereinabove are further intended to explain 20 
best modes known of practicing the invention and to 
enable others skilled in the art to utilize the invention in 
such, or other, embodiments and with the various mod- 
ifications required by the particular applications or uses 
of the invention. 2S 

Claims 

1 . A centrifuge (1 0) comprising: 

30 

containment means (90) for containing a mate- 
rial, the containment means (90) having a base 
portion (94) extending outwardly from a longitu- 
dinal axis (A), 

a substantially flexible membrane (102) sepa- 35 
rating said containment means (90) into first 
and second chambers (34,38), the material 
being positioned, in use. within said first cham- 
ber (34), 

drive means (130) for rotating the containment 40 
means (90) about said longitudinal axis (A); 
and 

means (42,46) for varying the volume of said 
first chamber (34) by providing a volume varia- 
tion fluid (54) to said second chamber (38) to 45 
cause the removal of at least a part of the 
material from said first chamber (34) of said 
containment means (90); characterised by fur- 
ther comprising 

heat exchanger means (174) for maintaining so 
and controlling the temperature across the 
base portion (94) of the containment means 
(90), the heat exchanger means (174) being 
interconnected with the base portion and rotat- 
abJe therewith; and 55 
further heat exchanger means for controlling 
the temperature of said volume variation fluid 
(54). 



2. A centrifuge (10) as claimed in claim 1, character- 
ized in that it further comprises means (1 90) for cir- 
culating a heat transfer medium through the heat 
exchanger means (174). 

3. A centrifuge (10), as claimed in claim 2, character- 
ized in that the heat transfer medium directly con- 
tacts the base portion (94). 

4. A centrifuge (10), as claimed in one of the claims 1 
to 3, characterized in that the heat exchanger 
means (174) comprises at least first and second 
channel means (1 78 a-e) for receiving a heat trans- 
fer medium. 

5. A centrifuge (10), as claimed in Claim 4, character- 
ized in that the first and second channel means 
(178 a-e) are fluidly interconnected. 

6. A centrifuge (10). as claimed in one of the claims 4 
or 5, characterized in that an upper surface of each 
of the first and second channel means (178 a-e) is 
defined by at least a part of the base portion (94) 

7. A centrifuge (10), as claimed in one of the claims 4 
to 6, characterized in that the first and second chan- 
nel means (178 a-e) are substantially annular and 
concentrically positioned about the longitudinal axis 
(A), the first and second channel means (178 a-e) 
being positioned at different distances from the axis 
(A). 

8. A centrifuge (10), as claimed in one of the claims 4 
to 7, characterized in that the heat exchanger 
means (174) comprises inlet means (182) and out- 
let means (186), the inlet means (182) being fluidly 
connected to each of the first and second channel 
means (178 a-e) to provide the heat transfer 
medium thereto, the outlet means (186) being flu- 
idly connected to each of the first and second chan- 
nel means (178 a-e) to receive the heat transfer 
medium therefrom. 

9. A centrifuge (10), as claimed in claim 8, character- 
ized in that at least a channel means (1 78 a-e) has 
an orifice means (180 a, c. d) for controlling the flow 
of the heat transfer medium from the inlet means 
(182) into the first channel means (178 a-e). 

10. A centrifuge (10), as claimed in one of the claims 4 
to 9, characterized in that a volumetric capacity of 
the first and second channel means (178 a-e) is 
dependent upon portions of the base portion (94) 
coinciding with the first and second channel means 
(178 a-e). 

1 1 . A centrifuge (10), as claimed in one of the claims 1 
to 10, characterized in that it further comprises first 
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conduit means (198-202) and second conduit 
means (202-206) for providing a heat transfer 
medium to and removing the heat transfer medium 
from, respectively, the heat exchanger means 
(174). 

12. A centrifuge (10), as claimed in claim 1 1 , character- 
ized in that the first conduit means (198-202) and 
second conduit means (202-206) are coaxial. 

1 3. A centrifuge (1 0), as claimed in one of the claims 1 1 
or 12, characterized in that the first conduit means 
(198-202) and second conduit means (202-206) 
are substantially concentrically positioned about a 
rotational axis (A) of the containment means (90). 

14. A centrifuge (10). as claimed in one of the claims 1 1 
to 13, characterized in that the first conduit means 
(198-202) is positioned interiorly of the second con- 
duit means (202-206) 

15. A centrifuge (10), as claimed in one of the claims 1 
to 14, characterized in that the surface of the heat 
exchanger means (174) substantially approximates 
the contour of the base portion (94). 

16. A centrifuge (10), as claimed in any one of the pre- 
ceding claims, characterised in that: 

the heat exchanger means (1 74) for maintain- 
ing and controlling the temperature across the 
base portion (94) of the containment means 
(90) is substantially coextensive with the base 
portion (94) and substantially approximates the 
contour of the base portion (94), whereby 
said heat exchanger means (174) for maintain- 
ing and controlling the temperature across the 
base portion (94) of the containment means 
(90) maintains and controls the temperature 
across substantially the entire base portion 
(94). 

17. A centrifuge (10), as claimed in any one of the pre- 
ceding claims, characterised in that: 

the means (42,46) for varying the volume of 
said first chamber (34) provides the volume 
variation fluid to said second chamber (38) to 
remove at least a part of the material from said 
first chamber (34) of said containment means 
(90) during rotation of said containment means 
(90) by said drive means (130). 

18. A centrifuge (10), as claimed in any one of the pre- 
ceding claims, characterised in that: 

in use, the first chamber (34) is an upper cham- 
ber and the second chamber (38) is a lower 



chamber. 
Patentanspruche 

5 1 . Zentrifuge (10), welche folgendes umfaBt: 

Behaitermittel (90) zur Aufnahme eines Materi- 
als, wobei das Behaitermittel (90) ein sich von 
einer L&ngsachse (A) nach auBen erstrecken- 
w des Grundteil (94) aufweist, 

eine im wesentlichen biegsame Membran 
(102), die das Behaitermittel (90) in erste und 
zweite Kammern (34, 38) trennt, wobei das 
Material bei Gebrauch in der ersten Kammer 
is (34) positioniert ist, 

Arrtriebsmittel (130) zum Drehen des Behaiter- 
mrttels (90) um die Ldngsachse (A) und 
Mittel (42, 46) zum Andern des Votumens der 
ersten Kammer (34) durch Zufuhren eines 
20 Volumenanderungsfiuids (54) in die zweite 

Kammer (38), um die Entfernung mindestens 
eines Teils des Materials aus der ersten Kam- 
mer (34) des Behattermittels (90) zu bewirken; 
dadurch gekennzeichnet, daB sie weiterhin fol- 
25 gendes umfaBt: 

Warmetauschermittel (174) zum Hatten und 
Steuern der Temperatur iiber das Grundteil 
(94) des Behaitermittels (90), wobei das War- 
metauschermittel (174) mrt dem Grundteil ver- 
so bunden und damit drehbar ist, und 

ein weiteres Warmetauschermittel zum Steu- 
ern der Temperatur des Volumenanderungs- 
fiuids (54). 

35 2. Zentrifuge (10) nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB sie weiterhin ein Mittel (190) zur Zir- 
kulation eines War me ubertragungs mediums durch 
das Warmetauschermittel (174) umfaBt. 



40 3. Zentrifuge (10) nach Anspruch 2, dadurch gekenn- 
zeichnet, daB das Warmeubertragungsmedium in 
direktem Kontakt mrt dem Grundteil (94) stent. 

4. Zentrifuge (10) nach einem der Ansprtiche 1 bis 3, 
45 dadurch gekennzeichnet, daB das Warmetauscher- 
mittel (174) mindestens ein erstes und zwertes 
Kanalmittel (178 a-e) zur Aufnahme eines Warme- 
ubertragungsmediums umfaBt. 

so 5. Zentrifuge (10) nach Anspruch 4, dadurch gekenn- 
zeichnet, daB das erste und zweite Kanalmittel 
(178 a-e) miteinander in Fluidverbindung stehen. 

6. Zentrifuge (10) nach einem der Anspruche 4 oder 
55 5. dadurch gekennzeichnet, daB eine obere Fiache 
sowohl des ersten als auch des zwerten Kanalmrt- 
tels (178 a-e) durch mindestens einen Teil des 
Grundteils (94) ausgebildet ist. 
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7. Zentrifuge (10) nach einem der Anspruche 4 bis 6, 
dadurch gekennzeichnet daB das erste und zweite 
Kanalmittel (178 a-e) im wesentlichen ringfcrmig 
sind und konzentrisch urn die Langsachse (A) 
angeordnet sind, wobei das erste und zweite 
Kanalmittel (178 a-e) in verschiedenen Entfernun- 
gen von der Achse (A) positioniert sind. 

8. Zentrifuge (10) nach einem der Anspruche 4 bis 7, 
dadurch gekennzeichnet, da8 das Warmetauscher- 
mittel (174) ein EinlaBmittel (182) und ein AuslaB- 
mittel (186) umfaBt, wobei das EinlaBmittel (182) 
sowohl mit dem ersten als auch mil dem zweiten 
Kanalmittel (178 a-e) in Ruidverbindung steht, urn 
das WarmeObertragungsmedium dorthin zuzufQh- 
ren, und wobei das AuslaBmittel (186) sowohl mit 
dem ersten als auch mit dem zweiten Kanalmittel 
( 1 78 a-e) in Ruidverbindung steht. urn das Warme- 
ubertragungsmedium von dort aufzunehmen. 

9. Zentrifuge (10) nach Anspruch 8. dadurch gekenn- 
zeichnet, daft mindestens ein Kanalmittel (178 a-e) 
ein AuslaufOffnungsmrttel (180 a, c, d) zur Steue- 
rung des Russes des Warmeubertragungsmedi- 
ums von dem EinlaBmittel (182) in das erste 
Kanalmittel (178 a-e) aufweist. 

10. Zentrifuge (10) nach einem der Anspruche 4 bis 9, 
dadurch gekennzeichnet daB ein volumetrisches 
FassungsvermGgen des ersten und zweiten Kanal- 
mittels (178 a-e) davon abhangig ist, daB Teile des 
Grundteils (94) mit dem ersten und zweiten Kanal- 
mittel (178 a-e) zusammenfallen. 
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15. Zentrifuge (10) nach einem der Anspruche 1 bis 14, 
dadurch gekennzeichnet daB die Oberflache des 
Warmetauschermittels (174) im wesentlichen der 
Kontur des Grundteils (94) folgt. 

16. Zentrifuge (10) nach einem der vorstehenden 
Anspruche. dadurch gekennzeichnet daB das War- 
metauschermittel (174) zum Halten und Steuern 
der Temperatur uber das Grundteil (94) des Behal- 
termittels (90) sich im wesentlichen zusammen mit 
dem Grundteil (94) erstreckt und im wesentlichen 
der Kontur des Grundteils (94) folgt. wodurch das 
Warmetauschermittel (174) zum Halten und Steu- 
ern der Temperatur uber das Grundteil (94) des 
Behaltermittels (90) die Temperatur Ober im 
wesentlichen das gesamte Grundteil (94) halt und 
steuert. 

17. Zentrifuge (10) nach einem vorstehenden Anspru- 
che. dadurch gekennzeichnet. daB das Mittel (42, 
46) zum Andern des Volumens der ersten Kammer 
(34) der zweiten Kammer (38) das Volumenande- 
rungsfluid zufOhrt, urn mindestens einen Teii des 
Materials aus der ersten Kammer (34) des Behal- 
termittels (90) wahrend der Drehung des Behalter- 
mittels (90) durch das Antriebsmittel (130) zu 
entfernen. 

18. Zentrifuge (10) nach einem der vorstehenden 
Anspruche, dadurch gekennzeichnet, daB bei 
Gebrauch die erste Kammer (34) eine obere Kam- 
mer und die zweite Kammer (38) eine untere Kam- 
mer ist. 



11. Zentrifuge (10) nach einem der AnsprOche 1 bis 10, 
dadurch gekennzeichnet. daB sie weiterhin ein 
erstes Leitungsmittel (198-202) und ein zweites 
Leitungsmittel (202-206) zur ZufOhrung eines War- 
meubertragungsmediums zu dem bzw. zur Ent- 
nahme des Warmeubertragungsmediums von dem 40 
Warmetauschermittel (174) umfaBt 

12. Zentrifuge (10) nach Anspruch 11, dadurch 
gekennzeichnet. daB das erste Leitungsmittel (198- 
202) und das zweite Leitungsmittel (202-206) 45 
koaxial sind. 



13. Zentrifuge (10) nach einem der Anspruche 1 1 Oder 
12, dadurch gekennzeichnet, daB das erste Lei- 
tungsmittel (198-202) und das zweite Leitungsmit- 
tel (202-206) im wesentlichen konzentrisch urn eine 
Drehachse (A) des Behaltermittels (90) positioniert 
sind. 



14. Zentrifuge (10) nach einem der Anspruche 11 bis 
13. dadurch gekennzeichnet daB das erste Lei- 
tungsmittel (198-202) gegenuber dem zweiten Lei- 
tungsmittel (202-206) weiter innen positioniert ist. 



35 Revendications 

1 . Centrrf ugeuse (10) comprenant : 



un r6cipient (90) destine a contenir une 
matiere, ce recipient (90) ayant une partie de 
base (94) s'etendant vers I'exterieur a partir 
d un axe longitudinal (A), 
une membrane pratiquement souple (102) qui 
divise le recipient (90) en une premiere et une 
deuxieme chambres (34, 38). la matiere 6tant 
placee, lors de I'utifisation, dans la premiere 
chambre (34), 

un moyen d'entratnement (130) pour faire tour- 
ner le recipient (90) autour dudit axe longitudi- 
nal (A), et 

des moyens (42, 46) pour faire varier le volume 
de ladite premiere chambre (34) en envoyant 
un fluide de variation de volume (54) a ladite 
deuxieme chambre (38) pour produire I'enle 
vement d'au moins une partie de la matiere de 
la premiere chambre (34) du recipient (90). 
caracterisee par le fait qu'elle comprend en 
outre 



so 
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2. 



un moyen exchange de chaleur (174) pour le 
mairrtien et la regulation de la temperature £ 
travers la parte de base (94) du recipient (90), 
ce moyen d'echange de chaleur (174) etant 
reli6 £ la parte de base et tournant avec celle- 
ci, et 

un autre moyen d'6change de chaleur pour la 
regulation de la temperature du f luide de varia- 
tion de volume (54). 

Centrifugeuse (10) selon la revendication 1, carac- 
terisee par le fait qu elle comprend en outre un 
moyen (190) pour faire circuler un f luide de trans- 
mission de chaleur dans le moyen d'echange de 
chaleur (174). 
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Centrifugeuse (10) selon la revendication 2, carac- 
terisee par le fait que le fluide de transmission de 
chaleur est en contact direct avec la parte de base 
(94). zo 

Centrifugeuse (10) selon Tune des revendications 1 
a 3, caracterisee par le fait que le moyen d'echange 
de chaleur (174) comprend au moins des premiers 
et des deuxiemes canaux (1 78a £ 1 78e) destines £ 25 
recevoir un medium de transmission de chaleur. 



terisee par le fait qu'au moins un canal (178a £ 
178e) a un orifice (180a, 180c, 180d) pour la com- 
mande de recoupment du medium de transmission 
de chaleur du moyen d'entree (182) aux premiers 
canaux (178a 6 I78e). 

1 0. Centrifugeuse (1 0) selon Tune des revendications 4 
£ 9, caracterisee par le fait que la capacite en 
volume des premiers et deuxi£mes canaux (1 78a £ 
178e) depend de parties de la parte de base (94) 
qui coincident avec les premiers et deuxiemes 
canaux (178a £ 178e). 

11. Centrifugeuse (1 0) selon Tune des revendications 1 
& 10, caracterisee par le fait qu elle comprend en 
outre des premiers conduits (198*202) et des 
deuxiemes conduits (202-206) pour respective- 
ment la fourniture d'un medium de transmission de 
chaleur au moyen d'echange de chaleur (174) et 
{'enlevement du medium de transmission de cha- 
leur de celui-ci. 

12. Centrifugeuse (10) selon la revendication 11. 
caracterisee par le fait que les premiers conduits 
(198-202) et tes deuxiemes conduits (202-206) 
sont coaxiaux. 



Centrifugeuse (10) selon la revendication 4, carac- 
terisee par le fart que les premiers et deuxiemes 
canaux (178a £ 178e) communiquent entre eux de 30 
fagon fiuidique. 

Centrifugeuse (10) selon Tune des revendications 4 
et 5, caracterisee par le fart qu'une surface supe- 
rieure de chacun des premiers et deuxiemes 35 
canaux (1 78a £ 1 78e) est form£e par au moins une 
parti e de la partie de base (94). 

Centrifugeuse (10) selon Tune des revendications 4 
£ 6, caracterisee par le fait que les premiers et 40 
deuxiemes canaux (178a £ I78e) sont sensible- 
ment annulaires, places concentriquement autour 
de I'axe longitudinal (A) et places £ des distances 
differerrtes de cet axe (A). 



8. Centrifugeuse ( 1 0) selon Tune des revendications 4 
£ 7, caracterisee par le fait que le moyen d'echange 
de chaleur (174) comprend un moyen d'entree 
(182) et un moyen de sortie (186), le moyen 
d'entree (1 82) communiquant avec chacun des pre- 
miers et deuxiemes canaux (178a £ 178e) pour 
fournir ie medium de transmission de chaleur £ 
ceux-ci, le moyen de sortie (186) communiquant 
avec chacun des premiers et deuxiemes canaux 
(1 78a £ 1 78e) pour recevoir le medium de transmis- 
sion de chaleur de ceux-ci. 

9. Centrifugeuse (10) selon la revendication 8, Carac- 



as 
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13. Centrifugeuse (10) selon Tune des revendications 
11 et 12, caracterisee par le fait que les premiers 
conduits (198-202) et les deuxiemes conduits (202- 
206) sont sensiblement places de fagon concentri- 
que autour de I'axe de rotation (A) du recipient (90). 

14. Centrifugeuse (10) selon Tune des revendications 
11 £ 13, caracterisee par le fait que les premiers 
conduits (198-202) sont places £ I'interieur des 
deuxiemes conduits (202-206). 

15. Centrifugeuse (1 0) selon Tune des revendications 1 
£ 14, caracterisee par le fait que la surface du 
moyen d'echange de chaleur (174) avoisine sensi- 
blement le contour de la partie de base (94). 

16. Centrifugeuse (10) selon Tune des revendications 
precedentes, caracterisee par le fait que : 

le moyen d'echange de chaleur (174) pour le 
maintien et la regulation de la temperature £ 
travers la partie de base (94) du recipient (90) 
est sensiblement de m6me etendue que la par- 
tie de base (94) et avoisine sensiblement le 
contour de la partie de base (94), de sorte que 
le moyen d'echange de chaleur (174) pour le 
maintien et la regulation de la temperature £ 
travers la partie de base (94) du recipient (90) 
maintient et regule le temperature £ travers 
pratiquement toute la partie de base (94). 
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17. Centrifugeuse (10) selon Tune des revendications 
pr6c6dentes, caracterisee par le fait que : 

les moyens (42, 46) pour faire varier le volume 
de ladite premiere chambre (34) envoient le s 
f luide de variation de volume a ladite deuxieme 
chambre (38) pour enlever au moins une parte 
de la matiere de la premiere chambre (34) 
dudit recipient (90) pendant la rotation dudit 
recipient produite par le moyen moteur (1 30). io 

18. Centrifugeuse (10) selon Tune des revendications 
precederttes, caracterisee par le fart que pendant 
('utilisation, la premiere chambre (34) est une 
chambre superieure et la deuxieme chambre (38) is 
est une chambre inferieure. 
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